Abstract. The present paper deals with the measurements of the critical Crack Tip Opening Angle by using an instrumented test. There is a comparison between the analysis of results made by a well known kinematic model and those given by finite element analysis based on a cohesive model for node release. Analysis is performed both on simple specimens and on back slotted ones.
Introduction
The present trend in gas delivery by pipelines at high pressure demands appropriate investigations into pipelines' behaviour when extraordinary events, such as fracture propagation, occur. For many years researchers have sought appropriate material characterization able to provide information on the pipe by means of simplified laboratory tests (Demofonti et al., 1995) . Full thickness SENB specimens are often used to check the capability of the pipeline steel, so that a minimum fracture resistance is defined to prevent the stable propagation of a ductile fracture.
The Drop Weight Tear Test (DWTT) measures the whole energy consumed to completely fracture a notched specimen. One of its main advantages is the possibility to manage quite lengthy ligaments, so that almost stationary propagation is achieved during the test. With the aim of carrying out a reliable Finite Element analysis of a pipeline subjected to fracture phenomena, using an ad hoc developed code, (Berardo et al., 2000; Salvini et al., 1999 Salvini et al., , 2000 Fonzo et al., 2002) , it is necessary for numerical simulations to be performed on DWT tests as well. These preliminary analyses are an essential step to 'tune up' fracture parameters that are used on a full burst test simulation. A critical point of Finite Element simulation regards the treatment of the zone surrounding the running crack tip, where fracture energy is progressively released. Among the several approaches that can be found, here a one-dimensional cohesive layer at crack flanks is assumed. This modelling option allows the gradual release of the constraints applied on nodes along the crack path. A softening zone is considered where internal energy is released for each node of the mesh: a progressive change drives from a full constrained condition to a complete released one. The model implemented requires the estimate of two fracture parameters: critical value of Crack Tip Opening Angle (CTOA C ) and length of the so-called Fracture Process Zone where softening occurs ( ) (Salvini et al., 2003; Cotterel et al., 1977) . Although specimens are manufactured with the aim of evaluating stable ductile fracture propagations, we must not conceal the effects of real applications of boundary conditions: notch manufacturing, the interaction between plastic zones induced by an impacting hammer and by crack stresses ahead of the crack tip.
Back Slotted specimens offer an interesting opportunity to try to manage these undesirable effects, (Rudland et al., 2002) ; these specimens, schematized in Figure 1 , prevent the crack from propagating until the back side of the specimen. Changing the depth of the back slotted shim offers an opportunity to directly measure the fracture energy released and, in the present paper, both test results and numerical simulations are compared each other. As a result, the region where stable crack propagation occurs is clearly defined, cleaning many polluting effects. A deeper comparison between experimental and numerical data gives a rigorous procedure for determination of the two fracture parameters required by the present model.
Analysis of DWT test conditions
The tests have been performed on back slot specimens with different slot depths. Non-back slot specimens have also been considered. The numerical approach requires a cohesive model for node release, which is described above; the kinematic model, providing an analytical solution based on geometrical and kinematic considerations, is also briefly described in the following section.
THE FINITE ELEMENT CODE DEVELOPED: PICPRO
The FE program used in this work is named PICPRO and has been developed by the University of Rome 'Tor Vergata' in collaboration with the Centro Sviluppo Materiali S.p.A.
PICPRO is an explicit solutor based on the method of central differences and is, on purpose, designed to simulate the ductile fracture propagation in both large (e.g. pipelines) and small structures (like SENB specimens). Many algorithms capable of governing the modalities of crack advance are implemented within the code. In the case of a DWT Test, fracture can be managed by the same kinematic law hereinafter described, a Free fracture Propagation Algorithm (FPA). The first method allows the calculation of the crack speed by a simple equation outlined by Martinelli et al. (1996) ; the second one allows a more generic analysis of the fracture phenomenon and can be successfully used to simulate propagation both in stable and in transient conditions (Fonzo et al., 2002) . In the FPA algorithm, during code execution, a step by step check on critical conditions is performed: when the actual fracture-characterizing parameter (e.g. CTOA A ) is greater or equal to its critical value (e.g. CTOA C ), crack advance
